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Abstract

Dravet syndrome is a severe developmental and epileptic encephalopathy characterised by refractory seizures and cogni-
tive dysfunction. The treatment is challenging, not least because the seizures are highly drug resistant, requiring multiple
anti-seizure medications (ASMs), while some ASMs can exacerbate seizures. Initial treatments include the broad-spectrum
ASMs valproate (VPA), and clobazam (CLB) in some regions; however, they are generally insufficient to control seizures.
With this in mind, three adjunct ASMs have been approved specifically for the treatment of seizures in patients with Dravet
syndrome: stiripentol (STP) in 2007 in the European Union and 2018 in the USA, cannabidiol (CBD) in 2018/2019 (in
combination with CLB in the European Union) and fenfluramine (FFA) in 2020. These “add-on” therapies (mostly to VPA/
CLB) are used as escalation therapies, with the choice dependent on availability in different countries, patient characteristics
and caregiver preferences. Topiramate is also frequently used, with evidence of efficacy in Dravet syndrome, and there is
anecdotal evidence of efficacy with bromide, which is frequently used in Germany and Japan. With a growing treatment
landscape for Dravet syndrome, there can be practical challenges for clinicians, particularly with issues associated with
polypharmacy. This practical guide provides an overview of these main ASMs including their indications/contraindications,
mechanism of action, efficacy, safety and tolerability profile, dosage requirements, and laboratory and clinical parameters to
be evaluated. Standard laboratory and clinical parameters include blood counts, liver function tests, serum concentrations of
ASMs, monitoring the growth of children, as well as weight loss and acceleration of behavioural problems. Regular cardiac
monitoring is also important with FFA as it has previously been associated with cases of cardiac valve disease when used
in adults at high doses (up to 120 mg/day) in combination with phentermine as a therapy for obesity. Importantly, no signs
of heart valve disease have been documented to date at the low doses used in patients with developmental and epileptic
encephalopathies. In addition, potential drug—drug interactions and their consequences are a key consideration in everyday
practice. Interactions that potentially require dosage adjustments to alleviate adverse events include the following: STP + CLB
resulting in increased plasma concentrations of CLB and its active metabolite norclobazam may increase somnolence, and
an interaction with STP and VPA may increase gastrointestinal adverse events. Cannabidiol has a bi-directional interaction
with CLB producing an increase in plasma concentrations of 7-OH-CBD and norclobazam resulting in the potential for
increased somnolence and sedation. In addition, CBD is associated with elevations of liver transaminases particularly in
patients taking concomitant VPA. The interaction between FFA and STP requires a dose reduction of FFA. Furthermore,
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concomitant administration of VPA with topiramate has been associated with encephalopathy and/or hyperammonaemia.

Finally, we briefly describe other ASMs used in Dravet syndrome, and current key clinical trials.
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Patients with Dravet syndrome are treated with multiple
anti-seizure medications to control seizures including
valproate (VPA), and clobazam (CLB in some regions),
as initial therapy, and stiripentol (STP), cannabidiol
(CBD) or fenfluramine (FFA) as escalation therapies;
alternatives include topiramate (TPM), bromide, leveti-
racetam, brivaracetam, zonisamide, ethosuximide and
perampanel.

Because polypharmacy is the norm in Dravet syndrome,
there are practical pitfalls that include changes in serum
concentrations of anti-seizure medications and the
potential for increased adverse events, requiring careful
monitoring and possible dose adjustments.

Key interactions that may require dosage adjustments

to alleviate adverse events include STP+CLB (som-
nolence), STP4+VPA (gastrointestinal adverse events),
CBD+CLB (somnolence), CBD+VPA (liver transami-
nase elevations), FFA+STP (dose reduction of FFA) and
VPA+TPM (encephalopathy and/or hyperammonaemia).

1 Introduction

Dravet syndrome (DS) is a severe developmental and epi-
leptic encephalopathy characterised by drug-resistant sei-
zures and cognitive dysfunction, negatively impacting on the
quality of life of the patients and their families [1, 2]. In the
majority of cases, it is caused by heterozygous loss-of-func-
tion variants in the SCNIA gene, resulting in substantially
decreased levels of the corresponding functional protein, the
a-1 subunit of the neuronal, voltage-gated sodium channel
Nay1.1 [3]. Nay1.1 is a key sodium channel in the central
nervous system that is highly expressed in many GABAergic
inhibitory neurons, and the impairment of the production of
this protein leads to hyperexcitability of the neuronal net-
work [4].

As with other developmental and epileptic encephalopa-
thies, the management of DS is challenging (Fig. 1). First,
DS is associated with multiple seizure types that evolve over
time [2, 3, 5]. Seizures typically begin before the age of 1
year, in a formerly healthy infant, usually with tonic-clonic
or clonic febrile seizures. Between the ages of 1 and 5 years,
afebrile seizure types emerge including generalised motor,
atypical, myoclonic and absence. Seizures are often pro-
longed, and status epilepticus (SE) is common especially in
the patient’s first 5 years. Beyond the age of 5 years, seizure

frequency begins to decrease, with a gradual transition with
age to nocturnal seizures, which are the main type of sei-
zures in adults. Nocturnal seizures can also pose challenges
including sleep disturbances for both patients and their fam-
ily members [6]. Nocturnal seizures, SE and sudden unex-
pected death in epilepsy result in a higher mortality rate
compared with patients with other epilepsy [7]. In addition
to seizures, patients experience varying degrees of cognitive
dysfunction and behavioural problems. As such, even though
the seizure burden may dissipate with age, there remains a
high level of dependency throughout the patient’s life [6].

Another challenge is that some anti-seizure medications
(ASMs) can exacerbate seizures in DS (Fig. 2), and therefore
an early diagnosis is important to make sure patients are
treated appropriately (Fig. 1). In addition, high seizure fre-
quency is associated with a lower quality of life, and may be
correlated with cognitive dysfunction, further highlighting
the importance of a prompt diagnosis and timely treatment
of seizures [8—12].

Patients are usually treated with multiple ASMs in
an attempt to control seizures, with valproate (VPA)
and clobazam (CLB) generally being inadequate (Fig.
2) [13—15]. With this in mind, three ASMs specifically
approved as adjunct therapies in patients with DS have
become available in the last decade: stiripentol (STP), which
was approved in 2007 in the European Union (EU) and 2018
in the USA, cannabidiol (CBD) approved in 2018/2019 and
fenfluramine (FFA) approved in 2020 (Fig. 2) [13, 14, 16,
17]. These treatments are “add-on” therapies (most com-
monly to VPA and CLB), with the choice dependent on
availability and recommendations in different countries,
among other factors (Fig. 2) [13, 14, 16, 17]. Overall, an
individualised approach to treatment should be employed,
taking into account patient needs, together with patient/car-
egiver values and preferences to collaboratively choose the
most appropriate treatment [18, 19].

With a growing treatment landscape for DS, the com-
plexity surrounding treatment decisions increases, causing
practical challenges for clinicians (Fig. 1). Herein, we pro-
vide a practical guide to the main ASMs that have evidence
of efficacy in the treatment of seizures in DS. We provide
an overview of the indications and contraindications, their
mechanism of action, efficacy, safety and tolerability profile,
dosage requirements, and laboratory and clinical parameters
to be evaluated. In addition, because of the need for polyp-
harmacy, potential drug—drug interactions (in particular with
other relevant ASMs and with hormonal contraceptives) and
their consequences are described. Figure 3 provides a check-
list of these considerations, with signposts to the relevant
tables that provide further details, in addition to the narra-
tive below. The focus of this guide is on the pharmacologi-
cal treatment of seizures with ASMs, although it should be
noted that patients with DS may also use other medications
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Fig. 1 Treatment challenges in
patients with Dravet syndrome
(DS). ASMs anti-seizure medi-
cations

Lack of updated

treatment
guidelines

High drug load:

*  Adverse events

*  Drug-drug
interactions

. Some ASMs
exacerbate
seizures

for behavioural and sleep problems, as well as emergency
rescue medication [20, 21]. In addition, non-pharmacolog-
ical interventions, including the ketogenic diet and vagus
nerve stimulation in carefully selected patients, can also help
alleviate seizures but are not covered in this guide.

2 Valproate (VPA)

Valproate, a widely used agent for epilepsy in all ages, is
the first-line treatment for patients with DS (Fig. 2). Val-
proate is a broad-spectrum ASM effective across a range of
focal and generalised seizure types including tonic-clonic,
myoclonic, tonic and absence seizures (see Table 1 for the
indications in the EU/UK and the USA). The wide-ranging
activity is likely a reflection of its complex mechanism of
action modulating various targets implicated in the develop-
ment of seizures, including the inhibitory neurotransmitter
GABA, voltage-gated sodium channels and histone deacety-
lase (Fig. 4) [22]. Valproate has proved effective in general-
ised and unclassifiable epilepsies [23, 24], and is generally
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well tolerated, an important contributing factor behind its
extensive use in epilepsy.

Valproate is available in a variety of formulations includ-
ing tablets (regular, crushable, gastro-resistant and pro-
longed release) and granules (modified release), oral solu-
tion (liquid and syrup), as well as a solution for injection
or infusion. The starting dose of VPA is typically between
10 and 15 mg/kg/day, divided into two doses for the gener-
ally favoured prolonged-release formulation or three doses
otherwise, followed by gradual increases to target doses in
the range of 25 to a maximum of 60 mg/kg/day according to
clinical response and tolerability. In cases where acceptable
clinical response has not been attained, plasma concentra-
tions of VPA should be checked to see if they are in the
generally accepted therapeutic range of 50-100 mcg/mL.
Of note, VPA is also being trialled in patients with drug-
resistant epilepsy for long-term intra-cerebroventricular
drug delivery, a novel method using an implantable infu-
sion system that administers the drug into the cerebrospinal
fluid [25].

Valproate has a generally acceptable safety profile. The
most common adverse events (AEs) include gastrointestinal
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Fig.2 Treatment pathway in patients with Dravet syndrome. Adapted
from Cross et al. [124]. The choice of treatment is dependent on the
drug availability and recommendations in different countries, patient

disturbances (nausea, vomiting and abdominal pain and
diarrhoea), headache, somnolence, tremor and asthenia,
although these are generally mild to moderate in severity and
reduce over time [26, 27]. However, VPA has been associ-
ated, albeit rarely, with serious and fatal hepatotoxicity, with
children < 2 years of age (especially those taking multiple
ASMs) and people with mitochondrial disorders caused by
mutations of the mitochondrial DNA Polymerase y (POLG)
gene at particular risk [26, 27]. As such, VPA is contraindi-
cated in patients with hepatic disease or significant hepatic
dysfunction and those with hereditary POLG-associated
mitochondrial disease; of note, rare cases of POLGI muta-
tions in patients with DS have been reported [28, 29]. Before
initiating VPA, liver function tests are required to exclude
liver disease and patients should be monitored regularly
thereafter, particularly during the first 6 months [26, 27].
A physical examination and a medical history should also
be conducted as liver function tests are not always abnor-
mal, and instead, non-specific symptoms including malaise,
weakness, lethargy, facial oedema, anorexia and vomiting, as
well as a loss of seizure control, have been reported to occur
prior to cases of serious/fatal hepatotoxicity [26, 27]. Val-
proate is also associated with coagulation disorders (includ-
ing thrombocytopenia, decreases in von Willebrand’s factor
and platelet dysfunction) and hyperammonaemia. There-
fore, in addition to liver enzymes, laboratory tests should
include blood count and ammonia; tests should be performed
before treatment initiation and then repeated after 6 weeks,
3 months and 6 months after treatment initiation, and then
in yearly intervals (Table 2). In addition, coagulation param-
eters, platelet count and platelet function should be tested if
surgery is planned.

There is a paucity of studies evaluating VPA as mono-
therapy in patients with DS, with three retrospective stud-
ies reporting >50% responder rates of 23-52% [30-32].

needs and characteristics, and patient/caregiver values and prefer-
ences. ASMs anti-seizure medications, RCT randomised controlled
trial, VNS vagus nerve stimulation

However, VPA alone is generally insufficient to control sei-
zures in DS and persisting seizures leads to further add-on
treatments. Therefore, as polypharmacy is the norm in DS,
an awareness of the consequences of potential drug—drug
interactions and the potential for AEs with other ASMs is
a key consideration (Table 3). Of note, concomitant admin-
istration with topiramate (TPM) has been associated with
encephalopathy and/or hyperammonaemia; the signs and
symptoms should be carefully monitored especially in
patients with pre-existing encephalopathy (Table 3) [26,
27]. Valproate is an inhibitor of a broad range of hepatic
enzymes (cytochrome P450s, uridine glucuronyl transferases
and epoxide hydrolase, among others) that are involved in
the metabolism of other ASMs, resulting in increased serum
concentrations of these substrates including lamotrigine,
phenobarbital, the metabolite 10,11-epoxide of carbamaz-
epine, ethosuximide and rufinamide. While these ASMs are
rarely used in DS, it may still be worth noting that increased
monitoring of ASM concentrations and dosage adjustments
are required when these drugs are initiated or withdrawn.
In particular, an increased risk of serious skin conditions
(Stevens—Johnson syndrome and toxic epidermal necrolysis)
has been reported with concomitant lamotrigine, requiring
a slow titration of lamotrigine at initiation. Furthermore,
the use of oestrogen-containing contraceptives can lead to
decreased efficacy of VPA requiring monitoring (Table S1
of the Electronic Supplementary Material [ESM]).

3 Clobazam (CLB)

As with VPA, CLB is widely used for the treatment of
developmental and epileptic encephalopathies including
DS, owing to its favourable tolerability, safety and broad-
spectrum anti-seizure activity. In the EU, CLB has a broad
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Prior to starting new ASMs

in the treatment regimen

Monitoring
First post-therapy visit: 1 month
Subsequent visits: every 3-6 months

O Check ASM indication (Table 1)
— Age restrictions
—  Whether adjunct with specific co-ASMs
— Contraindications

O Discuss therapeutic options with the
patient/caregiver including risks and benefits (Table
2)

O Check dosage requirements (Table 2)

O Check medication interactions (Table 3)
— Dose adjustments may be required
—  Monitor the serum levels of ASMs prescribed
to the patient

O Discuss with the patient/caregiver contraceptive
use in women of childbearing age; check for
interactions of ASMs with hormonal contraceptives
(Supplemental Table S1)

O Laboratory diagnostics (Table 2)
— Standard parameters including blood counts
and liver function tests, serum concentrations
of all current ASMs

O Check if other tests required (Table 2)

Clinical progress monitoring

Dose adjustments (Table 2 and Table 3)

— Dose escalation and reductions should
be slow and closely monitored

— Adverse events may require dose
adjustments

— Any withdrawals should occur gradually
to minimize the risk of increased seizure
frequency and status epilepticus

Laboratory tests (Table 2)
— Serum concentrations of ASMs
— Blood counts and liver parameters

Monitor side-effects (Table 2)
—  Monitor growth in children
—  Monitor weight loss
— Monitor acceleration of behavioural
disturbances

Fig.3 Checklist to consider through Dravet syndrome treatment. ASMs anti-seizure medications

indication as an adjunct treatment for epilepsy [33], while in
the USA it is generally used off-label, being only relatively
recently approved as an adjunctive treatment of seizures
associated with Lennox—Gastaut syndrome (LGS) (Table 1)
[34]. Clobazam is a 1,5-benzodiazepine, and as with other
benzodiazepines its effects are mediated by binding to the
GABA-A receptor, among other mechanisms (Fig. 4). How-
ever, CLB has a structure that is different from 1,4-benzo-
diazepines, with a greater selectivity for a2-GABA-A than
a1-GABA-A subunits, which results in fewer sedative effects
and a lower propensity for efficacy tolerance (i.e. losing effi-
cacy over time) [35].

Clobazam is administered orally, available in the EU
and USA as oral tablets and an oral suspension, while an
oral soluble film was approved in the USA in 2018 [36].
The initial dose of CLB is 0.2 mg/kg/day divided into
twice daily, followed by gradual increases to reach target
doses of 0.3—1 mg/kg/day, up to a maximum of 2 mg/kg/
day. Of note, much of the anti-seizure activity of CLB may
be mediated through its active metabolite, norclobazam
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(N-desmethyl-clobazam [nCLB]). Because serum concen-
trations of CLB and nCLB only reach steady state after 5 and
9 days, respectively, dose escalation should not occur more
than weekly [33, 34]. There is a high level of intra-indi-
vidual variability in the plasma concentrations of CLB and
nCLB, but monitoring is advisable with regard to specific
drug—drug interactions. N-desmethyl-clobazam is primarily
metabolised by CYP2C19, and patients who are CYP2C19
poor metabolisers (i.e. individuals with variants in CYP2C19
that lead to reduced or no activity) are recommended to
have half the dosage of CLB because of an increased risk of
adverse reactions [34].

There is gold-standard evidence from a randomised con-
trolled trial (RCT) related to the efficacy of CLB for LGS
[37], and also in conjunction with STP, CBD and FFA in DS
(see below), but otherwise the published evidence is limited
to two retrospective studies that reported > 50% responder
rates of 27.6% and 45.5% in patients with DS treated with
adjunct CLB [30, 31]. Clobazam has a fairly benign safety
profile: AEs reported in the phase III trial in patients with
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LGS were consistent with other experiences, and included
somnolence, pyrexia, upper respiratory infections, lethargy,
drooling and constipation [37, 38]. Clobazam can also be
associated with respiratory depression, especially at high
doses or with concomitant opioids. No laboratory tests above
those recommended for VPA are required (Table 2). Addi-
tion of CLB to VPA may increase the plasma concentrations
of VPA, and clinical monitoring is recommended with a
view to a possible dose adjustment of CLB (Table 3) [33,
34]. Interactions with other relevant ASMs are discussed in
the corresponding sections below. Additionally, it is note-
worthy that lower doses of drugs metabolised by CYP2D6
(e.g. dextromethorphan, pimozide, paroxetine, nebivolol)
may be required when used with CLB and lower doses of
CLB may be required with strong or moderate CYP2C19
inhibitors (e.g. fluconazole, fluvoxamine, ticlopidine, ome-
prazole) [33, 34].

under previous bromide therapy

Cardiac insufficiency
Bronchial asthma

Known panniculitis or bromoderma
Pregnancy

Contraindications
Renal failure

Adjunct only

4 Stiripentol (STP)

Stiripentol, approved in 2007 in the EU and 2018 in the
USA, was the first therapy indicated specifically for the
treatment of seizures in patients with DS in conjunction
with CLB (with VPA + CLB in the EU). As with other
ASMs, STP likely has multiple mechanisms of action con-
nected to its anti-seizure properties that are not fully eluci-
dated [39]. One such mechanism is potentiating GABAergic
transmission, acting as a positive allosteric modulator of
GABA-A receptors at a site that is different from benzodi-
azepines; therefore, the combination of STP with a benzo-
diazepine such as CLB, both acting at different sites, leads
to a stronger additive effect compared with either drug alone
[40]. In addition, STP increases plasma concentrations of
CLB and nCLB via inhibition of CYP enzymes, and these
enhanced concentrations may also indirectly contribute to
the anti-seizure activity (see below) [41, 42].

Stiripentol is available as hard capsules or a powder for
oral suspension. The dose of STP should be escalated gradu-
ally, starting with 20 mg/kg/day for 1 week, then 30 mg/
kg/day for 1 week, up to a maximum of 50 mg/kg/day in
children titrated over an extra 1-4 weeks depending on age
(Table 2). Stiripentol has a complex pharmacokinetic profile,
requiring consideration of not just weight and drug—drug
interactions, but also of age: in older children, adolescents
and adults, the dosage is generally lower, in the range of
20-25 mg/kg/day, due to the lower rate of metabolism of
adults compared with younger children [43]. The dosage
is administered two or three times daily, and because it
degrades rapidly in an acidic environment it should be taken
with food in order to limit the exposure to gastric acid in
an empty stomach [44, 45]. In addition, STP should not be
taken with dairy products, carbonated drinks or fruit juice

Age restriction

Indication USA

Germany? and Japan: patients with severe epilepsies of infancy and early
childhood presenting with generalised tonic-clonic seizures

Indication EU

N
Br bromide, CBD cannabidiol, CLB clobazam, DS Dravet syndrome, EU European Union, FFA fenfluramine, LGS Lennox—Gastaut Syndrome, STP stiripentol, TPM topiramate, 7SC tuberous

sclerosis complex, ULN upper limit of normal, VPA valproate

#The pivotal clinical studies did not include children below 3 years of age, and therefore it is recommended that children between 6 months and 3 years of age are carefully monitored whilst

receiving STP therapy
Also indicated for monotherapy for partial seizures with or without secondary generalised seizures, and primary generalised tonic-clonic seizures in adults, adolescents and children over 6

®Epidiolex® (USA)/ Epidyolex® (EU) is the only licenced CBD formulation; it is a highly purified, plant-derived CBD oil-based solution that lacks activity at the cannabinoid receptors and as
years of age (EU) or >2 years of age (USA), but is only used as adjunct therapy in patients with DS

such does not have euphoric or intrusive side effects
4 Available as a licensed drug in Germany that can be imported to other countries

Table 1 (continued)
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Fig.4 Simplified schematic of the main known mechanisms of action
of the anti-seizure medications used in Dravet syndrome. Br bromide,
Ca++ calcium, CBD cannabidiol, CLB clobazam, ENT-1 equilibra-
tive nucleoside transporter 1, FFA fenfluramine, GABA gamma-amin-

obutyric acid, GRP55 G protein-coupled receptor 55, Na+ sodium,
NMDA N-methyl-D-aspartate, SERT serotonin transporter, STP stirip-
entol, TPM topiramate, TRPVI transient receptor potential vanilloid
subtype 1, VPA valproate, 1 increased, | decreased

A\ Adis



A. Strzelczyk, S. Schubert-Bast

226

d1s

ym uonounfuod

ur [eyqreqouayd

pue urojAuayd

‘ourdozeuwreqred
asn jou og

uonouny

[eua1 Jo/pue

Jowol], onedoy parredur
eosneN  im sjuoned ur
uone)IIy  9sn Joj papuawt
eLIYIIRSAQ -W0J1 JON
BIUO0ISA doud[ouUWOo
Ec.ouo%nm WE@Q > sypuows 9 Aiong
. qurfeseqg uonouny IoAI
BIXB)Y -01K00quiony)
dousjouwog  pue eruadonnoy  SYUOW 9 K1oAg
SOIPMIS [RUONIBAISS() BIUWOSU] JySrom suljeseq junos poorg Arep
SLOY SSO[ YSIoM PIseAIdAP pue UQIp[IYo XE—g 0 PApIAIQ
:3uong madde pesearooq  enedde paseardeqg Aren3oy JO 9)B1 Y)MOID) POOJ Y)Im UdNe], 3w 0o0g 0S 0z dILS
Q0URIS[0) AoRoLyH
uonepas
IO QOUS[OUOS
Qoudpuadop
[eor3oroyoksd
pue [eo1sAyg
NH.L pue SIS
Surpnpour ‘suon
uonednsuo))  -0BAI UDYS SNOLIOS
Surjooig yjeap pue
ASreyjo] ewod ‘uorssoidop
suon K1ojendsar ‘uon
-o9jur A1ojexidsor zoddn)  -epos ur Sunnsax
SAIpN)s [BUOTIBAIISQQO BIXIKg sprordo yym A[rep
e QoUd[oUWog  9SN JUBIWOIUOT) VdA 10} sV VdA 10} sV X ojul papial@ C I-¢0 0 910
surposeq BIUOWW Y
BIUAYISY snIeaIouRd  S[BAIIUI A[JRQL suonen ISTMIAYIO
: o : -UdU0D WNIAS YA C
JowaI], oururergoxd syjuour 9 A[rep X¢ 10 ‘uon
Qousouwog uonuarsid Koueu syuowr ¢ S1919 -B[NULIOJ 9SBI[I
SAIPN}S [BUONBAIISGO oyoepesy  -3a1d :S1I [e100] Syoam 9 -wered uone[nseo) -papuaIxa 10y A[rep
Jeapm [eUTSIUIOI)SED) Kyrorxojojedoy ourpeseq uonouny oAl X7 Ol PApIAIQ 09 0€-ST S1-01 VdA
s ur sSurwry, SISQL,  UOHRULIOJUI JOYIO WNWIXEA JoSre], Tenuy
QOUIPIAD JO [9A] SV UOWWOD JSO]A sSururep $189], (Aep/3y/3w) o8esoq NSV

(SINSV) SUOTIEDIPAW 2INZISS-T)UR JO UOT)IONPOIUT Y} J0J SANSSI [eINOeId ¢ d|qel

A\ Adis



227

Anti-Seizure Medications for Dravet Syndrome

,Sou0}s Aoupry|

VdA
JUBITWIOOUOD YIM
eruroylodAyg
SISOpIoR JI[0qeIdA
erarrayrodAy
A9  pue SISOIPIYO3IO
UOISIA [RWLIOUQY  S}O9JOp P[OY [ensIA P —
Surmors Jojowr rwoone[3 NS
-0UJAS SSOUSNOAION 2Inso[o-9[3ue FIOLRG  -IAM) ALUOGIIIQ
QOUQ[OUWOS SSAUIZZI(] AIepuodos pue oullesed Hnies
sarpmys ansneq eidofw ooy Sur1mooo (Ayyedoreydaoua
aanoadsoxd [aqer s10pIOSIp Yooadg (NAL swordwig fenuorUOUIIE
-uado ‘[[ews pue SSO[JYSIOM,  pue SrS) suon outjoseg  -19dAy) pruowwry
S9IpNJS [BUOIBAIISqQ BIXQIOUY  -OBOI UDYS SNOLIOS uonouny Krep
Jeapm BISO)SOBIE] K)101X0) [£100 surposeq [BUSI PUEB JOAI'] X7 Ol PIpPIAIQ Sw oop 01-S -1 INdL
BUWIOONE[D)
QwoIp
spIyouorg -u£s uruoj0Iog
Qoud[ouWoS  A3IRYI9[ pue uon
ASIeyjo| -epos ‘oudjoutos ySrom Kep/Sur /T 10
uonoayur WSrom pue Apren3oy Juened I0)UOTN 70 :dLS+VAd +'0 :dIS+VAd T0 :dLS+V
joen Arojendsor roddn  9Inadde pasearosg I3))e
SIIpNJs [BUOTIBAIISQ) on3neq uorsuayrodAy -a10y) A[enuuy
dND/dva BIXAIKd  [eLIo)Ie AIeuow SIeaA 7 10§
SLOY eooyurelq  -[nd pue aseosIp syqyuowr 9 A1oAg A[rep Kep/Sw
:Suong dnedde paseardeq 1189V JR[NATRA ourpeseq weISorpIesoydyq X7 OJUI PApIAIQ 9710 £°0 'VAd L0 :vAd 70:vdd Vvdd
ysey
SUOIOJYU]
daars Ayrenb 1o0d ‘1op
-10S1p dag[s ‘eruwosuy paxmbar
SUOIIBAQ[ OSBUIWBSURI], A[reomur[o se
andneq uornepos 10 A[[eo1porIog A[rep
S9IpNJS [BUOTIBAIOSqO) BIXAIA ~ PUE Q0UL[OULIOS yjuouwr 9 uIqnuIIq X Ol PApIAIQ
dno/dvi BOOYLIBIJ  (SUOIBAD[Q SBU qjuowr ¢ [e101 pue (1SV POOJ INOYIIM
SLOY qmadde pesearooq  -twresuen) Afur qjuowr | pue ['TV) soseu 10 (1M IO
:Suong Qoud[oUWOS Tepnyeooredoy Qureseg -IWesuen WNIAS  UdYe) APU9Is|suo) 0z o1 S ddo
squr s3urwry, SISQ],  uoneULIOJUI JOYI0 WNWIXRIA 195re], [entug
QOUSPIAD JO AT SV UOWWOD SO sSururep SIS (Aep/3y/3w) o3esoq NSV

(ponunuoo) zsjqey

A\ Adis



228

A. Strzelczyk, S. Schubert-Bast

Level of evidence
in DS

Most common AEs

Warnings

Tests

ASM Dosage (mg/kg/day)*

Table 2 (continued)

>
>
(="
=
»

Timings

Tests

Other information

Maximum

Target

Initial

Weak:

Loss of appetite

Ataxia

Skin disturbances
including

Baseline

BR concentrations

Generally divided
into 2X daily

Children: aged 80

10

BR

Observational studies

Anecdotal

3—6 months

0.5-3 years:

50-70

Tremor

bromoderma
tuberosum

Baseline

Renal function and

(broad acceptance in

Sedation

Aged 4-15

electrolytes

some countries e.g.
Japan, Germany
and Israel)

Tiredness

Bromism (chronic
toxicity)

years: 40-60
Adults: 30-50

Cognitive slowing,

disorientation, stupor

Acne

Gastritis

early access programme, FFA fenfluramine, RCT randomised controlled trial, SJS Stevens—Johnson syndrome, STP stiripentol, TEN toxic epidermal necrolysis, TPM topiramate, ULN upper

limit of normal, VPA valproate

“Lower initial dosage may be considered in cases of polypharmacy and up-titration intervals extended in the case of AEs

®More frequent monitoring may be required in patients on concomitant VPA or in those with elevated liver enzymes at baseline. Liver transaminases and bilirubin should also be measured

within 1 month of changes in the dose of CBD or if there are any changes with medications that are known to impact the liver. CBD should be discontinued in any patients with elevations of

transaminase levels greater than 3 times the ULN and bilirubin levels greater than 2 times the ULN. In addition, patients with sustained transaminase elevations of greater than 5 times the ULN

should also have treatment discontinued. Patients with prolonged elevations of serum transaminases should be evaluated for other possible causes

€ Avoid use with other carbonic anhydrase inhibitors, drugs causing metabolic acidosis or in patients on a ketogenic diet

[44, 45]. Furthermore, food and drinks that contain caffeine
or theophylline should be avoided as STP may affect their
clearance from the body [44, 45].

The efficacy and safety of STP as an adjunctive treat-
ment with VPA and CLB have been demonstrated in two
phase III, double-blind, placebo-controlled RCTs in patients
with DS aged > 3 years: STP + VPA + CLB was associ-
ated with significantly higher > 50% responder rates com-
pared with placebo+VPA+CLB (71% vs 5% [p < 0.0001]
in STICLO-France [46, 47] and 67% vs 9% [p = 0.0094]
in STICLO-Italy) [48]. With a generally good tolerability
and safety profile, the main AEs associated with the addi-
tion of STP in STICLO-France were drowsiness, hyperex-
citability decreased appetite and weight decreased [47]. A
further study from the French group in 46 children with DS
demonstrated the long-term efficacy of STP + VPA + CLB
over a median follow-up of 3 years; the number and dura-
tion of seizures significantly decreased, together with the
number of convulsive SE events [49]. In addition, patients
from this French cohort who initiated treatment with
STP + VPA + CLB in childhood continued to see benefits
into adulthood over a median duration of 18 years (n = 40
patients followed); reductions in seizure (generalised tonic-
clonic) frequency and duration continued to be observed,
with seizure-free periods of 1-5 years seen in ten patients,
while there were no SE events [50]. An open-label trial in
Japan (n = 24 patients) [51, 52] and a retrospective study in
the USA (n = 82 children) ([42]) have also provided pivotal
evidence of the long-term efficacy and safety of STP. Since
then, a post-marketing surveillance study in Japan involving
data from 410 patients with DS (aged 0.5-50 years) reported
responder rates of 43% for convulsive seizures, 55% for focal
impaired awareness seizures, and 62% for generalised myo-
clonic seizures and/or generalised atypical absence seizures;
the main AEs were somnolence (39%) and a loss of appe-
tite (25%) [53]. A number of other observational studies
have also confirmed the efficacy and safety of STP in real-
world clinical practice across different age groups (including
adults [54]) and with various follow-up periods, as recently
reviewed [1, 39, 55, 56]. However, studies also suggest that
a significant proportion of patients may have inadequate
seizure control over the long term, despite the use of this
combination of ASMs [57, 58].

Because of the effects of STP on reducing appetite, it is
important to monitor the weight of patients and the growth
rate of children [44, 45]. In addition, as with other ASMs,
STP is associated with neutropenia and thrombocytopenia
and therefore complete blood counts should be obtained
before initiating treatment and every 6 months thereafter;
liver function tests are also recommended [44, 45]. A recent
study has also highlighted the increased risk of hyperam-
monaemic encephalopathy in patients with DS who initi-
ated treatment with STP in adulthood [59]. The increased
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Table 3 Drug-drug interactions for anti-seizure medication®>¢4
VPA CLBInCLB STP CBD/7-OH-CBD FFAInFFA TPM BR
VPA
Serum levels - b b <@ @ AV v >
Adverse event - Encephalopathy &/or
hyperammonaemia*
Dose adjustment - - - - t -

Serum levels

Adverse event

Dose adjustment i

Serum levels
Adverse event [ Somnolence
Dose adjustment by 25%

Serum levels

Somnolence &
sedation

Transamlnase
enzyme elevations

Adverse event

© 0y

Dose adjustment

Serum levels
Adverse event
Dose adjustment

¢

Serum levels
Adverse event Encephalopathy &/for
hyperammv:maemiaI
Dose adjustment

Serum levels
Adverse event
Dose adjustment

Adapted from Wheless et al. [21]

Serum concentrations: 4, the interaction results in an increase of the ASM specified in the column heading; ' decrease; @ no clinically
relevant change; unknown/data not available (relates to the ASM specified in the column heading)

Dose adjustments: - decrease in the dose of the ASM specified in the column heading may be required
Adverse events: @ increased risk of adverse events (relates to the ASM specified in the column heading)

monitoring recommended for AEs and the need for dose adjustments of the ASM specified in the column heading due to potential
changes in serum concentrations

7-OH-CBD 7-hydroxycannabidiol, ASM anti-seizure medications, BR bromide, CBD cannabidiol, CLB clobazam, FFA fenfluramine, nCLB
N-desmethyl-clobazam, nFFA norfenfluramine, STP stiripentol, TPM topiramate, VPA valproate

#Because of multiple interactions, it is advisable to monitor the serum concentrations of ASMs prescribed to the patient
"FFA dose is restricted to 0.4 mg/kg/day or 17 mg/day when FFA is in combination with STP

“Expert opinion from Germany regarding the use of FFA+BR: BR concentrations increased in a proportion of patients after initiation of FFA.
Dose reductions of bromide were made in most patients

4Encephalopathy or hyperammonaemia in those on VPA/TPM requires discontinuation of either TPM or VPA

ammonia levels occurred despite dose reductions of VPA
and CLB, but they were generally normalised with carnitine
treatment [59].

Stiripentol increases the plasma concentration of VPA
and CLB its active metabolite nCLB. In particular, dose
reductions of CLB (of approximately 25% per week) may be
required, especially in the event of AEs such as drowsiness,
hypotonia and irritability in young children [44, 45]. The
interaction with VPA is more moderate, and a dose adjust-
ment of VPA may not be needed, although an increase in
gastrointestinal AEs including loss of appetite and loss of
weight has been reported, with a suggested dose reduction
of VPA of 30% every week [44, 45]. The effects on VPA and

CLB are the result of STP being an inhibitor of cytochrome
P450, which also has implications for other ASMs and other
drugs [44, 45]. Drugs to be generally avoided include immu-
nosuppressants (e.g. tacrolimus, ciclosporin, sirolimus)
because of increased blood concentrations of the immu-
nosuppressants, and statins because of the elevated risk of
dose-dependent AEs including rhabdomyolysis. Dose reduc-
tions may be required with other ASMs including pheno-
barbital, primidone, phenytoin, carbamazepine, diazepam,
ethosuxamide and tiagabine. In addition, concomitant mida-
zolam, triazolam or alprazolam can cause excessive seda-
tion. Furthermore, a dose adjustment may be required with
drugs metabolised by CYP2D6 including beta-blockers,
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antidepressants (e.g. fluoxetine, paroxetine, sertraline, imi-
pramine, clomipramine), antipsychotics (haloperidol) and
analgesics (codeine, dextromethorphan, tramadol).

5 Highly Purified Cannabidiol (CBD)

Highly purified CBD has received approval as an adjunctive
therapy for seizures associated with DS, with LGS and most
recently, for tuberous sclerosis complex (TSC). It was first
approved in the USA in 2018 (Epidiolex®), and in the EU in
2019 (Epidyolex®); in the EU, it is indicated in conjunction
with CLB (except for TSC where it is approved without the
combination of CLB) (Table 1) [60, 61]. In the USA, it is
approved for use in patients aged 1 year and older, while in
the EU it is approved for patients aged 2 years and older. As
of 2021, Epidiolex/Epidyolex® is the only CBD formulation
that has been approved by the US Food and Drug Admin-
istration and the European Medicines Agency (referred to
as CBD throughout). It is a highly purified, plant-derived,
CBD oil-based solution that does not contain tetrahydro-
cannabinol, and as such does not have euphoric or intrusive
side effects. Cannabidiol has mechanisms of action that are
distinct from other ASMs (Fig. 4): it modulates intracel-
lular calcium via both G-protein-coupled receptor 55 and
transient receptor potential vanilloid 1, and also inhibits
adenosine cellular uptake via the equilibrative nucleoside
transporter 1 [62].

Cannabidiol is available as an oral solution at 100 mg/
mL. It is given twice a day, with a recommended starting
dose of 5 mg/kg/day for 1 week, followed by an increase
to a maintenance dose of 10 mg/kg/day. Thereafter, it can
be gradually titrated by 5 mg/kg/day up to a maximum of
20 mg/kg/day depending on clinical response and tolerabil-
ity. It has been noted that slow titration of CBD, i.e. reaching
a target dose of 10 mg/kg/day within at least 1 month and
then gradually increasing to a maximum dose of 20 mg/kg/
day, results in better tolerance with equivalent efficacy [63].
As food may increase the concentrations of CBD, it should
consistently be taken either with or without food, with a
preference for taking it with food at approximately the same
time each day [64].

The efficacy and safety of CBD in DS was evaluated in
two phase III, double-blind, placebo controlled RCTs (GWP-
CARE]1 [CBD 20 mg/kg/day] and GWPCARE?2 [CBD 10
and 20 mg/kg/day]) [65, 66]. In a highly refractory popula-
tion (a median of four prior ASMs and three concomitant
ASMs), responder rates were significantly higher compared
with placebo (42.6-49.3% vs 26.2-27.1%), and were even
higher in a subgroup of patients taking concomitant CLB
(47.5-62.5% vs 23.7-36.6%). Because of this potential
enhanced efficacy with CLB, the approval from the Euro-
pean Medicines Agency stipulates that CBD be used in

A\ Adis

conjunction with CLB. Cannabidiol was also associated
with improvements in overall condition assessed using the
Caregiver Global Impression of Change, as well as increases
in seizure-free days. Longer term efficacy and safety (up to
3 years) has been determined in an open-label extension of
the pivotal phase III trials [67, 68], and importantly from an
expanded access programme confirming its efficacy in real-
world clinical practice [69-72].

Cannabidiol has been generally well tolerated across stud-
ies in patients with DS and LGS; the most common AEs
from a pooled analysis were somnolence (particularly with
concomitant CLB, see below), decreased appetite, diarrhoea,
fatigue, malaise, asthenia, rash, insomnia and infections [60,
61]. Of note, a low-fibre diet may be considered during up-
titration if the patient experiences diarrhoea.

Bi-directional interactions occur with CLB producing
an increase in plasma concentrations of 7-OH-CBD (the
major metabolite of CBD) and of nCLB by three-fold, a
reason behind its enhanced efficacy compared with CBD
without CLB, although it should be noted that CBD with-
out CLB is also efficacious (Table 3) [73-75]. However, the
interaction may also lead to an increase in AEs, particu-
larly somnolence and sedation, requiring a dose reduction
of CLB. In addition, CBD is associated with elevations of
liver transaminases particularly in patients taking concomi-
tant VPA; patients taking higher doses of CBD, and to a
lesser extent concomitant CLB also had an increased inci-
dence of transaminase elevations [60, 61]. Because of a risk
of liver injury, serum transaminases (alanine aminotrans-
ferase and aspartate transaminase) and total bilirubin levels
should be obtained prior to initiating CBD, after 1 month,
3 months and 6 months and then periodically or as clini-
cally required (Table 2) [60, 61]. More frequent monitor-
ing may be required in patients taking concomitant VPA or
in those with elevated liver enzymes at baseline. Cases of
thrombocytopenia have also been observed in some patients
taking concomitant CBD and VPA [76]. With regard to
other drug—drug interactions, a dose increase of CBD may
be required if co-administered with medications that are
strong inducers of CYP3A4 (e.g. enzalutamide, phenytoin)
or CYP2C19 (e.g. rifampin, carbamazepine, phenobarbital,
phenytoin, St. John’s wort) [60, 61, 77].

6 Fenfluramine (FFA)

Fenfluramine as an add-on therapy was approved for the
treatment of seizures associated with DS in mid-2020 in the
USA and in late 2020 in the EU [78, 79]. Fenfluramine is
a repurposed drug, having originally been used in adults at
high doses (up to 120 mg/day) in combination with phenter-
mine (fen-phen) as a therapy for obesity until 1997 when it
was withdrawn because of increased cases of cardiac valve
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disease, although it should be noted that phentermine also
has an impact on valvular disease [80]. However, because of
its role in stimulating the central serotoninergic pathways,
as well as a few early case reports indicating its efficacy in
patients with seizure disorders, FFA continued to be investi-
gated as an ASM, with studies proceeding in Belgium where
a Royal Decree was issued to allow FFA to be used at low
doses in children with intractable epilepsy [80]. These stud-
ies, with favourable results in patients with DS [81, 82],
were instrumental in paving the way for further clinical
development that ultimately led to regulatory approval in
patients with DS.

Fenfluramine is available as a 2.2-mg/mL oral solution. It
is taken twice daily, with different dosing schedules accord-
ing to whether the patient is taking STP because of an inter-
action whereby STP increases plasma concentrations of FFA
and decreases its metabolite, norfenfluramine (Table 3) [83].
In both instances (i.e. with or without STP), an initial dose
of 0.2 mg/kg/day is recommended, increased to 0.4 mg/kg/
day after 7 days; 0.4 mg/kg/day is the recommended main-
tenance dose in patients taking STP, whereas in patients
not taking STP, a further increase to the suggested mainte-
nance dose of 0.7 mg/kg/day can occur after another 7 days
[78]. Patients should not exceed the maximum daily dose
of 17 mg when taking STP or 26 mg when not taking STP.

Fenfluramine has a unique mechanism of action compared
with other ASMs. Fenfluramine targets the serotonergic sys-
tem, in multiple ways including promoting serotonin (5-HT)
release into the synapse, inhibiting the serotonin transporter,
and acting as an agonist at multiple 5-HT receptors [84].
In addition, FFA was found to be a positive modulator of
the sigma-1 receptor, a molecular chaperone that has roles
in neuronal signalling; studies in a mouse model suggested
that this mechanism of action could have implications for
improved cognitive functions of spatial and contextual learn-
ing [85].

The efficacy and safety of FFA have been evaluated in
three pivotal, phase III, double-blind, placebo-controlled
RCTs in patients aged 2—18 years with DS; two trials con-
ducted in patients without STP were identical and the results
were merged [86], while the other trial exclusively included
patients taking STP [87]. In patients who were highly drug
resistant (baseline convulsive seizure frequencies of 14-20
per month despite the majority taking three or more con-
comitant ASMs), > 50% responder rates for convulsive
seizures were significantly higher compared with placebo
(68-38% vs 5-12%). Fenfluramine was also associated
with significantly longer seizure-free intervals, a signifi-
cantly higher number of convulsive seizure-free days and
improvements in achieving near-seizure freedom (< 1 sei-
zure over the 14-week treatment period) [86—88]. In addi-
tion, compared with placebo, more patients were rated as
“very much” or “much improved” according to the Clinical

Global Impression-Improvement. Data from an open-label
extension trial have shown that reductions in convulsive sei-
zure frequency are sustained over a median duration of treat-
ment of 3 years [89]. Furthermore, real-world data obtained
via a compassionate use programme have shown that FFA
had a good retention rate, and as well as reductions in sei-
zures and seizure days per months, FFA was associated with
reductions in episodes of SE and reductions in the number
of concomitant ASMs [90, 91]. Moreover, case reports have
described the use of FFA for the successful treatment of
nonconvulsive SE in an 8-year-old patient [92] and super-
refractory SE in a child [93] and a 20-year-old adult [94].
Additionally, FFA may be associated with reductions in all-
cause and sudden unexpected death in epilepsy mortality
rates in patients with DS [95].

Fenfluramine is generally well tolerated. In-line with
the anorexigenic effects of FFA that were harnessed when
it was used as an anti-obesity therapy, decreased appetite
and weight loss are among the most common AEs [78, 79].
Decreased weight is dose dependent, and an additive effect
has been observed when FFA is combined with other ASMs
such as STP or TPM. However, most patients resume weight
gain over time while continuing treatment. Other common
AEs include diarrhoea, fatigue, lethargy, pyrexia and upper
respiratory tract infection.

Importantly, no signs of heart valve disease have been
documented to date [96]. However, echocardiogram moni-
toring should be conducted before initiating FFA and then
every 6 months for the first 2 years, with annual echocar-
diograms thereafter [78, 79]. In addition, FFA is contraindi-
cated in patients with aortic or mitral valvular heart disease
and pulmonary arterial hypertension. In the EU, clinicians
will need to register with a controlled access programme
before initiating FFA for the first time [79]. The controlled
access programme is a requirement of the European Medi-
cines Agency to ensure that clinicians do not use FFA off-
label in weight management in obese patients and to confirm
the need for periodic cardiac monitoring. Similarly, in the
USA, clinicians, pharmacies and patients need to enrol in
the REMS (Risk Evaluation and Mitigation Strategy) pro-
gramme, which provides education about the risks of val-
vular heart disease and pulmonary arterial hypertension
and the need for monitoring [78]. Other warnings include
serotonin syndrome, a potentially fatal condition caused by
excessive accumulation of serotonin in the body, which can
occur particularly if co-administered with other serotonergic
drugs (Table 2) [78, 79]. No particular requirements for dose
adjustments of the ASMs of relevance for DS have been
documented (Table 3), except for observations that bromide
concentrations may be increased in some patients treated
with FFA + bromide (expert opinion). Of note, data from
the compassionate use programme in Europe suggest that
FFA use can ultimately lead to reductions in the ASM drug
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load, associated with reductions in concomitant ASM use
or in dose reductions [90, 91]. Finally, an increase in FFA
dosage is recommended when co-administered with rifampin
or a strong CYP1A2 and CYP2B6 inducer. Similar to CBD
combinations with VPA, FFA may exacerbate VPA-induced
thrombocytopenia [97].

7 Topiramate (TPM)

Topiramate, an ASM with a broad range of antiseizure
activity, is indicated as adjunctive therapy in persons aged
2 years and above with partial-onset seizures with or with-
out secondary generalisation or primary generalised tonic-
clonic seizures and for the treatment of seizures associated
with LGS [98, 99]. Its mechanisms of action relating to sei-
zure control are complex and not fully elucidated, but they
may include blocking voltage-dependent sodium channels,
enhancing the GABAergic pathway, antagonizing the gluta-
mate receptor (the AMPA/kainate subtype), and inhibiting
the carbonic anhydrase enzymes II and IV (Fig. 4) [100,
101].

Topiramate is available as capsules, film-coated tablets,
an oral solution and sprinkle capsules; the latter can be
given with (sprinkled over) a small amount of soft food.
Topiramate is administered twice daily starting at 1-2 mg/
kg/day, with doses gradually increased to a target dosage of
5-10 mg/kg/day depending on tolerance and efficacy. Slow
titration is important to reduce AEs.

Evidence of efficacy in patients with DS is derived from
two small, prospective, open-label studies and a handful of
small retrospective observational studies that have reported
> 50% responder rates of between 35% and 78% [14, 102].
Larger RCTs have been conducted in patients with LGS and
in patients with partial-onset or primary generalised tonic-
clonic seizures [98, 99, 103].

Topiramate has a generally acceptable tolerability and
safety profile. A pooled analysis of TPM as an adjunct
therapy across the epilepsy/LGS trials showed that the
most common AEs were somnolence, fatigue, nausea, diz-
ziness, ataxia, anorexia, paresthesia, anorexia, weight loss,
and various cognitive/neuropsychiatric problems including
nervousness, psychomotor slowing, difficulty with memory,
speech disorders/related speech problems and personality
disorder (behavioural problems) [98, 99]. Tolerability may
be improved by slow titration with 2-week intervals [104].
Topiramate is also associated with a number of warnings
requiring monitoring including visual defects, oligohidrosis
and hyperthermia, metabolic acidosis, hyperammonaemia/
encephalopathy (especially with concomitant VPA) and
kidney stones (Table 2) [98, 99]. Regarding the latter, stay-
ing hydrated by drinking plenty of fluids minimises the risk
of kidney stones. The addition of TPM does not need any
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particular adaptation of dosages for the other ASMs used
in DS (Table 3) [98, 99]. Decreased efficacy of oestrogen-
containing contraceptives has been reported with high doses
of TPM (> 200 mg), and in those situations non-hormonal
forms of contraception are recommended (Table S1 of the
ESM).

8 Bromide

Bromide is one of the oldest ASMs dating back to 1857; it
lost favour for the treatment of seizures after the discovery of
phenobarbital in 1912, but had a resurgence in some coun-
tries following reports in the 1980s and 1990s of efficacy
in refractory epileptic syndromes. Bromide is not available
in many countries; however, in Germany and Japan, it is
approved for patients with severe epilepsies of infancy and
early childhood presenting with generalised tonic-clonic
seizures, including DS [105]. Its mechanisms of action are
not fully understood; however, it may increase GABA-ergic
inhibition [105].

The target dosage of bromide is between 30 and 70 mg/
kg/day [depending on age (Table 2)], given orally generally
in two equal doses. It is available predominantly as potas-
sium bromide tablets. The evidence base related to the effi-
cacy of bromide in DS comes from a number of retrospec-
tive studies, which have reported > 50% responder rates of
between 28% and 78% [30-32, 106, 107], together with its
common use in some countries, thus inferring good efficacy
[15].

Bromide is generally well tolerated at the low doses
currently prescribed in children with refractory epilepsy.
Adverse events can typically include loss of appetite, weight
loss, ataxia, tremor, sedation, tiredness, cognitive slowing,
disorientation, stupor, respiratory tract infections, gastritis
and gastric ulcers. The risk of developing gastric ulcers can
be reduced by using gastric acid-resistant capsules that can
be prepared by the pharmacist using the tablets or potas-
sium bromide salt. In addition, skin disturbances can occur,
which may require the dosage to be reduced if troublesome,
including rash, acne, ulcerations and bromoderma tubero-
sum (vegetating inflammation). The latter is rare but can be
serious leading to scars, and because it does not appear to be
dose dependent, it requires cessation of bromide treatment.

Bromide does not undergo hepatic metabolism and it is
not subject to the same number of drug—drug interactions as
other ASMs [105, 108]. However, a drug—food interaction
can occur with the chloride ion, especially with table salt
(sodium chloride), and as such it is recommended that a con-
sistent and limited amount of sodium chloride be ingested. It
is also important that prior to initiating bromide, renal func-
tion and electrolyte disturbances should be assessed and reg-
ular examinations are required to determine serum bromide
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concentrations. Furthermore, electrolyte imbalances during
treatment (e.g. due to fluid loss because of severe vomiting,
diarrhoea or excessive sweating) can also lead to increased
AEs, requiring careful monitoring. In the case of an infec-
tion, children might require only half of their prescribed
dose to prevent side effects caused by the accumulation of
bromide in the body. Clinicians should also be aware that
chloride levels may be falsely elevated in blood tests due to
cross-reactivity with bromide during the testing procedure.

9 Other Anti-Seizure Medications (ASMs)
and Clinical Trials

Other ASMs that could be considered include levetiracetam,
brivaracetam, perampanel, zonisamide and ethosuximide;
however, it should be noted that there is little evidence of
their efficacy for controlling seizures in DS. Of note, etho-
suximide is generally the preferred treatment for patients
with absence seizures, with studies finding it more effective
and/or more tolerable than VPA and lamotrigine in children
with newly diagnosed childhood absence epilepsy [109,
110]. Furthermore, studies reporting on prescription pat-
terns show that levetiracetam is frequently discontinued in
patients with DS over time [111], suggesting a lack of long-
term efficacy and/or tolerability, while caregivers of patients
with DS scored it as only “somewhat effective” [112]. Prac-
tical details of these ASMs are provided in Table S2 of the
ESM. Of particular importance in DS is that some ASMs
tend to exacerbate seizures in patients with DS and should
generally be avoided; these include sodium channel blockers
such as carbamazepine, eslicarbazepine acetate, lacosamide
and lamotrigine, oxcarbazepine and phenytoin, and ASMs
acting on GABA, such as tiagabine, vigabatrin, gabapentin
and pregabalin (Fig. 2).

Enrolling patients in clinical trials is also a consideration.
Of the investigational agents, soticlestat (OV935/TAK-935),
a first-in-class suppressor of cholesterol 24-hydroxylase
(CH24H), is furthest along in clinical development, with
a phase III study planned in patients with DS and LGS fol-
lowing positive results from the phase Il ELEKTRA trial
(NCT03650452) and the ENDYMION trial [113]. Further-
more, technological advances in developing genetic thera-
pies are being harnessed for the treatment of DS, including
antisense oligonucleotides, CRISPR/Cas9-mediated genome
editing, and gene regulation therapy that uses an adeno-
associated virus vector containing a transcription factor to
increase protein production [114]. Genetic therapies for DS
aim to restore the expression of Nay1.1, and by address-
ing the underlying aetiology/pathophysiology they have the
potential to dramatically slow or even stop disease progres-
sion across all or many aspects of the syndrome (i.e. the dif-
ferent types of seizures and cognitive dysfunction). Of note,

STK-001, an ASO designed to upregulate Na, 1.1 from the
functioning wild-type allele, has entered phase I/II clinical
development, with other genetic therapies not far behind.

10 Conclusions

While we have provided an overview of the practical issues
surrounding the use of ASMs for the treatment of seizures
in patients with DS, there remain several unanswered ques-
tions for clinicians that require further evidence. First,
there are currently no head-to-head trials of CBD vs FFA,
and therefore the decision as to which option to choose is
mainly based on clinicians’ experience, individual patient
factors and patient/caregiver preferences, as well as avail-
ability within individual countries. The latter is important
to point out—not all treatments described here are avail-
able in all countries. Additionally, it is noteworthy that it is
currently difficult to choose an ASM based on the seizure
type, although ethosuximide is better suited for absence sei-
zures. Second, evidence around improvements in cognitive
dysfunction and in quality of life is still generally lacking,
although there are the beginnings of evidence that FFA and
CBD have the potential for improvements in these highly
relevant treatment goals [115—-117]. In addition, while it is
known that the burden of illness and healthcare costs of DS
are high [118-123], there is a lack of published evaluations
regarding the cost effectiveness of the ASMs used to treat
patients with DS. Furthermore, in clinical practice, ASMs
may be given off-label to patients who are younger than the
indicated age, and there is a lack of information about the
dose, safety and tolerability in these cases. Finally, while the
approval of STP, CBD and FFA undoubtedly represent tre-
mendous progress, DS still poses a heavy burden for patients
and their families. To make further progress, a number of
challenges still need to be overcome including improving
early diagnosis to allow for prompt and appropriate treat-
ment, reductions in polypharmacy, improvements in quality
of life, the availability of additional treatments for those who
do not benefit on those currently available and the identifica-
tion of biomarkers to aid the tailoring of treatments to the
individual patient.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40263-022-00898-1.
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